were presented with 10 cases in which acute deaths occurred in stressed feedlot cattle following intravenous (IV) administration of the oral water-soluble form of the antibiotic spectinomycin. Within 0.5 hours of IV administration, 40-60% of the treated cattle developed clinical signs of respiratory distress followed by weakness, collapse, and death. Extensive pulmonary edema with marked fluid distension of interlobular septa was the most prominent gross necropsy finding. Histopathologic examination revealed pulmonary edema and fibrinous thrombi in capillaries of multiple organs, suggestive of endotoxemia.
gestion. Fibrinous thrombi were common in alveolar capillaries (Fig. 2) , glomerular capillaries ( Fig. 3) and hepatic sinusoids. There were no histopathologic changes in the brain, heart, or spleen.
Fluorescent antibody tests on the lung were negative for infectious bovine rhinotracheitis (IBR) virus, bovine viral diarrhea virus, and bovine respiratory syncitial virus. Virus isolation yielded an IBR virus from the pooled lung tissue. Bacterial cultures of the lung tissue yielded Pasteurella hemolytica and P. multocida.
In fall 1991, the Iowa State University of Veterinary Diagnostic Laboratory (ISUVDL) received 5 different cases that could be traced to IV use of spectinomycin. The first of these cases occurred in mid-December 1991; 6 cattle were delivered to the ISUVDL. The average weight of these animals was approximately 250 kg. These cattle were part of a group of 74, all of approximately the same age and size, that were purchased at an Iowa sale barn. The owner transported these cattle a few miles to his farm. He noticed that some of the cattle were coughing and had temperatures of 106 F or more. Based on these observations, he decided to treat these calves with spectinomycin.
The owner purchased a spectinomycin solution (100 mg/ ml) that had been made by adding water to a powdered form of spectinomycin. a Between 4 PM and 6 PM, the owner gave all 74 cattle an IV dose (approximately 5 cc/45 kg) of this spectinomycin solution. Approximately 12 hours later, when the owner checked the cattle, 34 of the 74 cattle were dead. The owner delivered 6 of these animals to the ISUVDL. One of the calves was recumbent and paddling his feet and the other 5 were dead.
Necropsy examination revealed edematous lungs in all 6 calves. Gross lesions were not found in the brains or abdominal organs.
The most striking microscopic lesions in the lungs from these calves were the lesions of interlobular, subpleural, and alveolar edema. Macrophages, fibrin strands, eosinophilic fluid, and/or mild hemorrhage in the alveolar spaces and interlobular septa were noted. Microthrombi were present in some of the alveolar capillaries in the lung samples from the calf that was submitted alive. Mild purulent inflammation was seen in some of the lung lobules of 1 of the calves that was submitted dead. No bacterial or viral pathogens were isolated from the lung tissues.
The history, clinical signs, necropsy, and microscopic findings in the other cases that were presented to both diagnostic laboratories were similar to the 2 cases described above. The number of animals that died differed, but all affected animals could be traced to the IV use of a self-manufactured spectinomycin solution.
The sudden death of so many calves after IV treatment with spectinomycin strongly suggests that these calves died from exposure to a substance or substances in the spectinomycin solution. The edema, congestion, and hemorrhage observed in all of the lungs and the microthrombi in various organs are lesions that suggest the causative substance was an endotoxin formed during the process of manufacturing the spectinomycin.
Spectinomycin is classified as an aminoglycoside antibiotic in the subgrouping aminocyclitol. Aminocyclitols have an attached alcohol rather than a sugar compound. The aminoglycosides can be nephrotoxic or ototoxic and can cause neuromuscular blocking, but there are no reported cases of toxicity of spectinomycin in food animals at the usual recommended dosages. 1, 3, 5, 7, 8 Spectinomycin can be administered per os at 20 mg/kg twice daily and intramuscularly (IM) at 5-10 mg/kg twice daily. 3 The only FDA approved veterinary use for spectinomycin is in chickens, turkeys, and young swine. It is available as an oral product a,b and an injectable solution. c Spectinomycin is rapidly absorbed after IM or subcutaneous injection; peak blood levels occur within 1 hour. 1, 5, 7 It is poorly absorbed from the gastrointestinal tract. Tissue penetration is poor, and its distribution is mostly extracellular. The compound is eliminated by glomerular filtration basically unchanged. 5, 7 Veterinarians are using spectinomycin a in ways not explicitly approved by FDA. They are manufacturing their own injectable product by mixing the oral powder with distilled water to make a 100 mg/ml solution. The problem with the extra label use of the oral product is that it may contain significant endotoxin levels. Veterinarians are using spectinomycin in this way because it is an economical and effective antibiotic. The product cost of the spectinomycin made from the oral product is approximately half that of the injectable solution and is considerably less than the powder approved for human injection . d Experimental field trials have shown spectinomycin to be highly effective against acute enteric forms of salmonellosis and colibacillosis and acute exudative pneumonia, acute mastitis, and acute foot rot. 2, 4, 10 An endotoxin is the cell wall of gram-negative bacteria or the somatic antigen and is composed of polysaccarides, polylipids, and small amounts of protein. These compounds are also referred to as lipopolysaccharides or endotoxin phospholiposaccharides. The polysaccharide portion and the toxic effects of the endotoxins differ slightly among bacterial organisms.
Endotoxins must gain entrance to the circulation at a sufficient rate and dose to be toxic. Thus, when given orally they are essentially nontoxic. They are inactivated by various aspects of the gastrointestinal tract as well as by the liver reticuloendothelial cells if access is gained by the portal route. Other factors that affect toxicity of endotoxins include stress, such as ambient temperature extremes, starvation, and sickness, and individual animal and breed susceptibility. 9 The pathophysiologic effects of the endotoxins are profound and are mostly indirect by way of numerous biological processes in mainly an immunologic cascade overreaction.
Results of the effects are disturbances such as disseminated intravascular coagulations (DIC), increased vascular permeability, poor tissue perfusion, and reduced blood return to the right heart plus systemic and pulmonary arterial hypertension. Grossly, these effects result in pulmonary edema, congestion, and hemorrhage. Clinical manifestations of endotoxins vary but usually include anorexia, dyspnea, restlessness, weakness, cold extremities, prolonged capillary refill time, diarrhea, abnormal pulse and heart rates, decreased blood pressure, shock, and death. 6, 9 Histologically in endotoxin-induced DIC, microthrombi are associated with various degrees of congestion, hemorrhage, or edema and are seen in capillaries of the major organs such as the kidney, liver, and lungs. These microthrombi may be lysed within 3 hours of death; therefore, they can go undetected in autolyzed specimens. 6 Tests in vitro for endotoxins in pharmaceuticals involve use of a white blood cell abstract from the horseshoe crab (Limulus polyphemus); the test is called the Limulus amebocyte lysate assay. It is extremely sensitive and is used to certify manufactured products nonpyrogenic. 9 According to the manufacturer of the product, the endotoxin content varies a great deal with each series. This product is intended for oral use, where the endotoxin content is of little consequence. When given IV the levels may be high or toxic enough to result in endotoxic shock. In addition, the diluents used in self-manufacturing of injectable products, such as dextrose, saline, distilled water, or even tap water, may also contain endotoxins (C. Bendricksen, Sanofi, Overland Park, KS, personal communications).
These cases demonstrate the risk involved with self-manufacturing and extra label use of pharmaceuticals for IV administration. Veterinarians should also recognize the importance of proper handling of all IV products, including diluents. 
An example of selection bias in submissions of aborted bovine fetuses to a diagnostic laboratory
Mark C. Thurmond, Patricia C Blanchard, Mark L. Anderson
Numerous reports have been published on various causes of bovine abortion, many of which are a compilation of diagnoses made for fetuses submitted to veterinary diagnostic laboratories. 1,3-6 Results of these reports have been used to justify and formulate research priorities, vaccination strategies, and other programs aimed at reducing fetal wastage and in veterinary medical instruction. Conclusions as to relative importance of abortifacients identified from submissions to diagnostic laboratories may be biased if the sample of fetuses is not representative of the general population of aborted fetuses.
One type of bias is the selection bias that would exist if fetuses submitted to diagnostic laboratories tended to be either younger or older than fetuses that aborted in the general population. As a consequence of such a bias, an inappropriately large amount of emphasis or weight would be placed on the diagnoses made among overrepresented fetuses. Similarly, the importance of diagnoses made among underrepresented age groups would appear disproportionately low.
the CVDLWT for necropsy between January 1, 1985, and December 31, 1990 . Fetal age was estimated to the nearest month using recorded crown-rump measurements. Fetal age at death was estimated for all abortions diagnosed during the same period on 5 dairies that were within a 32-km radius of the CVDLST and that participated in an abortion surveillance program. 8 Management and health status of the dairies were typical of that found on dairies in the southern San Joaquin Valley of California. Age at fetal death was estimated using information on uterine size and involution and dates of estrus, reconception, and palpation to diagnose pregnancy, as described elsewhere. [8] [9] [10] The Kolmogorov-Smirnov test was used to determine if a difference existed between the observed proportional age distribution of aborted fetuses (P p ) on the dairies and that of submitted fetuses (P L ). Calculations were performed using a statistics software program. a Differences between the distributions were interpreted to reflect the magnitude of over-or underrepresentation of fetuses submitted to the laboratory. The purpose of the present study was to compare the age distribution of fetuses submitted to a veterinary diagnostic laboratory with that of a sample of fetuses representing a population that was aborted on dairies serviced by the laboratory and to determine if a selection bias was present. An example is presented to illustrate how selection bias could alter the perceived importance of bovine protozoa1 abortion (BPA) caused by the putative Neospora-like agent.
The general approach taken was to compare the age distribution of a sample of fetuses submitted to the Tulare branch of the California Veterinary Diagnostic Laboratory System (CVDLST) with the age distribution of a sample of nonretrieved fetuses aborted from cows in herds located near the CVDLWT.
A standardized age-specific frequency distribution for all submitted fetuses (N' L ) was estimated as the age-specific proportion of fetuses in the population (P P ) multiplied by the total number of fetuses submitted during the period. The standardized distribution was the fetal age distribution that would have been observed had the age distribution of submitted fetuses represented the age distribution of aborted fetuses in the population.
Records were obtained for dairy cow fetuses submitted to
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The effect of selection bias on the perceived importance of an abortifacient was assessed using records of fetuses for which BPA had been diagnosed during the same period. A positive immunoperoxidase test result, derived using methods described elsewhere, 2 was interpreted to indicate the fetus had been infected with the putative Neospora-like agent of BPA. The total number of submitted fetuses with BPA was compared with the sum of the standardized age-specific frequency of BPA cases (N' BPA ) that would have been diagnosed if the age distribution of submitted fetuses represented that of fetuses aborted on the dairies. The N' BPA was calculated as the proportion of BPA cases diagnosed in each fetal age group (P BPA ) multiplied by the respective standardized frequency of submitted fetuses (N' L ). A standardized proportion
